The ab initio self-consistent linear muffin-tin orbital calculations in the atomic sphere approximation have been performed for the ordered CrΡt 3 (ΑuCu3-type structure) alloy. The band structure and the densities of electronic states are presented. The para-and ferrimagnetic phases were considered. The spin-polarized calculations have confirmed the experimental observation of small antipara lle1 induced magnetic moment on a platinum atom.
Introduction
The intermetallic CrΡt3 alloy presents a different magnetic order as compared with other platinum based intermetallic alloys MPt 3 (M = Fe, Co, Mn). All these compounds crystallize in ΑuCu 3 (L12)-type structure. The magnetic properties are characterized by a large magnetic moment on 3d transition metal atom and a small induced moment on platinum [1] [2] [3] : In the case of CrΡt3 the chromium magnetic moment is also large, 3.37 μB, and the induced platinum moment is small, 0.26 μB, but antiparallel to the chromium one [4] . The antiparallel moments were also observed in VPt3 [5] .
No first principle self-consistent calculations were performed for CrΡt3 to obtain the band structure. The only results were performed within tight-binding scheme [6] and coherent potential approximation (CPA) formalism [7] . The magnetic moments obtained by Tohyama at al. [6] were 3.62 μB for Cr atom and -0.13 μB for Pt one.
In this paper we present band calculations performed by self-consistent spin--polarised linear muffin-tin orbitals method in the atomic sphere approximation (LMTO-ASA) [8] [9] [10] for the magnetically ordered CrΡt3 alloy. Based on these results we shall discuss the electronic properties of this system: the coefficient γ in the electron contribution to specific heat and the electron-phonon coupling coefficient.
Method of band calculations
The calculations were performed for para-and ferrimagnetic phase. The atomic sphere approximation was used in the LMTO method. The band calculations were performed using the von Barth-Hedin [11] parameterization for the local exchange correlations.
In ASA the Wigner-Seitz cell is replaced by a sphere with radius S. The value of S is determined from the condition 4πS3 n/3 = V, where V is the volume of the cell and n denotes the number of atoms in the primitive cell. The average sphere radii (the same for chromium and platinum atoms) for our system have been obtained by minimizing the total energy. To minimize the ASA errors the combined correction terms [10] were included in our calculations.
In the band calculations we have included s, p and d states for Cr and Pt. To calculate the starting charge densities we have assumed the following initial atomic configurations: core + 3d 54s 1 for Cr and core + 5d9 6s1 for Pt.
The iterations were performed to selffconsistency for the valence electrons only and the convergence was up to the value of 0.1 mRy. The eigenvalues were calculated, in the initial phase, in 84 k-points in the irreducible wedge of the Brillouine zone and the final (last iterations till selffconsistent) calculations were performed for 286 k-points. A step size of 0.5 mRy was used while integrating the density of states (DOS). To evaluate DOS the tetrahedron method was used [12, 13] .
Results and discussion
The experimental lattice constant is in the range of 3.871-3.877 Α [4, 14, 15] . The minimum of the total energy was obtained for S = 2.895 a.u. (2.92 a.u. if the spin-orbit coupling was not included) which corresponds to the lattice constant αn = 3.920 Α (3.954 Å). The difference between the theoretical value and the experimental one is about 1%. The minimum of total energy was found for magnetically ordered stucture because the lattice measurements, even at room temperatures, were carried out for this phase. The Curie temperature is 494 Κ [4] . The minimum of energy for the paramagnetic phase was obtained for S = 2.89 a.u. (3.913 Å) which is closer to the experimental value. All results presented below were obtained for S calculated in the low temperature magnetically ordered phase. Figure 1 presents the band structure along the high symmetry directions in the paramagnetic phase [16] . Comparing DOS presented in Fig. 2 [16] and obtained by Tohyama et al. [5] one can notice that their shape is similar but the numerical values are different. Our values of DOS and number of states (NOS) at the Fermi level are collected in Table I . We should notice a very large contribution of Cr atom (66.5%) to the total DOS at the Fermi level. In comparison, the Mn contribution in MnPt3 is about 50% [17] . The Fermi level is located in the very sharp peak of DOS for EF = -0.0800 Ry. So N(EF) is relatively high and is equal to 122.608 states/(Ry unit cell). The large values and rapidly varying DOS near the Fermi energy required careful integration in k-space (286 k-points in 1/48 of Brillouin zone) and using a small step (0.5 mRy) while integrating DOS to estimate EF .
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Α. Szajek Figure 3 presents DOS of the ferrimagnetic CrPt 3 for majority spin (upper curve) and for minority spin (lower curve). We See that the high peak of paramagnetic DOS moves from the Fermi level to higher energies for majority spin.
For minority spin EF is located in this peak (see Table II for numerical values of DOS and NOS for both directions of spin). The total DOS at the Fermi level is much lower than in the paramagnetic phase and equals 75.291 states/(Ry unit cell).
The calculations confirmed the antiparallel magnetic moment of the platinum atom. Table III contains the partial contribution to the total moment. The moments of the particular atoms are smaller than the moments obtained in the experiment [4] and by tight-binding calculations [6] . The antiparallel alignment of magnetic moments on platinum atoms causes cancelation of resultant moment in the unit cell. Our result, compared to the other theoretical magnetic moments of the unit cell, is closer to the experimental one. The neutron measurements [4] gave the magnetic moment being equal to 2.48 μB/unit cell. The magnetic moment obtained by Williams and Jezierski [18] from the low temperature measurements is 2.52 μΒ/unit cell. The theoretical moment of Tohyama et al. [6] is 3.23 μB/unit cell. Our calculated value is 2.623 μΒ /unit cell. It is interesting to study the relation between the self-consistent energy-band structure and such ground-state properties as the atomic volume, the compressibility, the crystal stucture etc. Let us consider the electronic pressure which is defined as the volume derivative of the total energy: P = -d(ϕ|Ή| ϕ)/dV. The equilibrium atomic volume is determined by P(V0) = 0. It is possible to decompose P into contribution from each quantum number l. It tells us which electrons try to contract the lattice and which to expand it, i.e. we gain some insight into which electrons are involved in the bonding. In both, paramagnetic and ferrimagnetic, phases the electronic pressure was found to be very close to zero for S giving the minimum of the total energy. Ppara = -70.0 kbar and Pferri = 1.06 kbar. We see (Table IV) The experimental specific heat coefficient γ equals 5.09 mJ mol-1 Κ-2 [19] . Our calculated value, from the expression γ0 = 1/3π 2k2BN(ΕF), equals 3.04 mJ mol-1 Κ-2 . Using the expression γ = γ0 (1 +λ ) o n e c a n e s t i m a t e t h e electron-phonon coupling parameter λ. In our case the value of λ equals 0.67. The value is very close to that obtained by Jezierski et al. [19] (λ = 0.6), who used the band model developed by Brouers et al. [20] .
The mass enhancement of the conduction electrons due to electron-phonon interaction can be calculated within the Gaspari-Gyorffy formulation [21] . In these calculations f electrons have been taken into account. According to McMillan formula [22] one may write the electron-phonon coupling parameter λ in the form [23] where Na is the number of atoms in the unit cell, Μi is the atomic mass at site i, (ω 2 ) is the average of the square of the phonon frequency and n is the McMillan-Hopfield parameter.
At the low temperatures CrPt3 is magnetically ordered, therefore we have to take into account the contribution of the electrons with both spin directions. The specific heat measurements and expression γ = γ0(1+λ) give an average value of λ. The mass enhancement of electrons is different for different spin directions: m; = m(1 + λs). The value of γ, usually calculated per mol, depends on contribution of particular fractions of electrons with spin s. The average value of n is where nis is determined from the Gaspari-Gyorffy formula [21] in the form given by Pettifor [24] , cis is the ratio of the number of electrons at site i and spin s to the total number of electrons at site i (cis is calculated using data from Table II , Σs cis = 1). The values of n are collected in Table V. The value of (ω2 ) is usually estimated from the Debye temperature, ΘD It is a very crude approximation. Recently Skriver and Mertig [25] estimated for rare-earth metals (ω 2 ) á = 0.69 θD . But when we compare (ω 2 ) 1 / 2 o b t a i n e d f r o m neutron scattering with θD we find that the ratio varies from 0.57 to 0.71 for pure metals [26] . The Debye temperature for CrPt 3 equals 328 Κ [27] . Taking the above values into account we obtain the value of λ in the range of (0.50, 0.77).
We see that the value λ = 0.67 obtained from the expression γ = γ 0 (1 + λ) and the calculated within rigid muffin-tin approximation (RMTA) λ 0.50 0.77 are consistent. More accurate estimation of λ needs knowledge of the phonon spectrum to calculate ( 2 ) in Eq. (1).
